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The purposes of this systematic/critical review are: 1) to identify studies on the effects of exercise on chronic
insomnia and sleep complaints in middle-aged and older adults and to compare the results of exercise with those
obtained with hypnotic medications and 2) to discuss potential mechanisms by which exercise could promote sleep
in insomniac patients. We identified studies from 1983 through 2011 using MEDLINE, SCOPUS and Web of Science.
For systematic analyses, only studies assessing the chronic effects of exercise on sleep in people with sleep
complaints or chronic insomnia were considered. We used the following keywords when searching for articles:
insomnia, sleep, sleep complaints, exercise and physical activity. For a critical review, studies were selected on the
effects of exercise and possible mechanisms that may explain the effects of exercise on insomnia. We identified five
studies that met our inclusion criteria for systematic review. Exercise training is effective at decreasing sleep
complaints and insomnia. Aerobic exercise has been more extensively studied, and its effects are similar to those
observed after hypnotic medication use. Mechanisms are proposed to explain the effects of exercise on insomnia.
There is additional documented evidence on the antidepressant and anti-anxiety effects of exercise. Exercise is
effective to decrease sleep complaints and to treat chronic insomnia. Exercise presented similar results when
compared with hypnotics; however, prospective studies comparing the effects of exercise with medical and non-
medical treatments are warranted before including exercise as a first-line treatment for chronic insomnia are
necessary.
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INTRODUCTION
The prevalence of insomnia in the general population
ranges from 10 to 15%, with this condition being more
prevalent among women (1). Drug therapy is commonly
prescribed for treatment of chronic insomnia; however,
sleeping pills have several known side effects when used for
long periods of time (2), and prolonged use of benzodiaze-
pines has been associated with mortality (3) and cognitive
deficits (4). Recently, new hypnotic drugs have been
approved by regulatory agencies for long-term use; how-
ever, research studies have not yet examined the effects of
these drugs on patients with primary insomnia (5-7).
Given the problems associated with the pharmacologic
treatment of insomnia, several non-pharmacologic alterna-
tives have been suggested in the literature. Of these
alternatives, cognitive behavioral therapy (CBT) has
received the most attention in research (8,9). A review by
Morin et al. (8) concluded that these therapies improve
symptoms in 70-80% of patients.
However, non-pharmacologic therapies can result in high
maintenance costs because they require frequent monitor-
ing. Exercise training has been proposed as a low-cost,
easily accessible and non-pharmacologic treatment alter-
native (10-12). The purposes of this systematic/critical
review are 1) to identify studies on the effects of exercise
on chronic insomnia and sleep complaints in middle-aged
and older adults and to compare these results with those
obtained using hypnotic medications and 2) to discuss
potential mechanisms by which exercise could improve
sleep in insomniac patients.
METHODS
We identified studies published between 1983 and 2011
using ‘‘MEDLINE’’, ‘‘SCOPUS’’, and ‘‘Web of Science’’.
Additional references were gathered from the reference lists
of the papers that were found. For the systematic analysis,
only studies assessing the chronic effects of exercise on sleep
in people with sleep complaints or patients with chronic
insomnia were considered. We used the following key-
words when searching databases for articles: insomnia,
sleep, sleep complaints, exercise, and physical activity. For a
Copyright  2012 CLINICS – This is an Open Access article distributed under
the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-
commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.
No potential conflict of interest was reported.
CLINICS 2012;67(6):653-659 DOI:10.6061/clinics/2012(06)17
653critical review, studies were selected on the effects of
exercise and the mechanisms that may explain the effects of
exercise on insomnia.
General association of exercise with sleep
Positive associations between exercise and sleep have
been established in the general population (13). Many
studies worldwide have demonstrated a significant negative
association between insomnia and physical activity (14-23).
In a Brazilian study from 2000, data from people aged 25
years or older demonstrated that physically active indivi-
duals have fewer complaints of insomnia than sedentary
individuals (15). An American study by the National Sleep
Foundation called the ‘‘sleep in America’’ poll (14) reported
that older respondents (aged 55–84 years) who exercised
more frequently had fewer complaints than those exercising
,1 time per week. Similarly, a British study found that
higher levels of regular physical activity appear to be
protective against the incidence of chronic late-life insomnia
(16). More recently, a study performed in Greece suggested
an association between the level of physical activity and the
presence of insomnia in individuals with chronic disease.
The results showed that individuals with a moderate-to-
high level of physical activity were 56% less likely to have
insomnia (18). In Japan, Kim and colleagues (19) investi-
gated adults between 20 and 70+ years of age. Multiple
logistic regression analysis revealed an odds ratio (OR) of
1.3, associating insomnia with a reported lack of habitual
exercise.
In general, the authors of these studies do not describe
what type of physical activity is most prevalent or the
intensity and duration of exercise.
EXERCISE INTERVENTIONS
Effects of Acute Exercise
Acute exercise is exercise occurring during only one
session (24). When evaluating the effect of acute exercise,
the sleep evaluation is frequently performed the same day
as the exercise. By evaluating this type of study, we can
observe the effects of exercise on sleep.
Several studies have demonstrated positive changes in
sleep patterns after acute exercise in good sleepers;
however, these studies have been primarily limited to good
sleepers with little room for improvement because of
ceiling/floor effects (25). Youngstedt et al. (12) performed
a meta-analysis and reported an average increase of
approximately 9.9 min in total sleep time (TST) and an
approximate reduction of 2.1 min in wake after sleep onset
(WASO) in good sleepers after acute exercise.
To our knowledge, only one study has evaluated the
effects of acute exercise in patients with chronic primary
insomnia. The effects of acute exercise are greater in patients
with insomnia compared with good sleepers (26), as can be
reasonably expected. Three different types of exercise
(moderate aerobic exercise – walking; intense aerobic
exercise – running; and moderate resistance exercise -
weight training) were assessed. Significant results were
observed only after moderate aerobic exercise sessions.
Polysomnography (PSG) data demonstrated a reduction in
the sleep onset latency (SOL - 55%) and total wake time
(TWT - 30%) as well as an increase in total sleep time (TST -
18%) and sleep efficiency (SE - 13%). Similar results were
observed in the daily log for TST and SOL (26% and 39%,
respectively). In addition, a significant decrease (15%) in
pre-sleep anxiety was observed after moderate-intensity
aerobic exercise.
Effects of Chronic (Short- and Long-term) Exercise
Chronic exercise is exercise training. When evaluating the
effect of chronic exercise, sleep evaluation is not performed
on an exercise day. In this sense, the effects on sleep may be
continuous (effects experienced on days with and without
exercise). Some studies have investigated the effects of
short-term or long-term exercise on sleep.
Some clinical studies have attempted to evaluate the
effects of long-term exercise on sleep patterns in patients
with chronic insomnia or complaints of insomnia. In 1995,
Guilleminault et al. (27) conducted the first study focusing
on the effects of aerobic exercise in adult patients with
chronic psychophysiological insomnia. Moderate aerobic
exercise (walking) combined with sleep hygiene therapy
was evaluated after four weeks. The results indicated trends
toward increases in the TST-sleep diary (mean [SD], from
299 (28) to 324 (34) min), TST-actigraphy (from 328 (43) min
to 345 (38) min), in the SOL sleep diary (from 58 (21) min to
47 (32) min), SOL-actigraphy (from 33 (19) min to 26 (20)
min), mean number of incidents awakening from sleep
incidents, according to a diary (from 3.2 [2.8] to 2.8 [2.7]) and
the number of awakening incidents according to actigraphy
(from 4.5 [3.2] to 4.0 [3.2]) (27). These results were
promising, and many others studies were subsequently
performed.
Some researchers have focused on the effects of exercise
on sleep in the elderly and older adults with sleep
complaints (28-32), often under the assumption that exercise
might have the greatest potential to benefit age-related sleep
disturbance. These studies primarily assessed subjective
sleep, as evaluated by sleep diaries and/or questionnaires.
Studies evaluating residents of nursing homes or assisted
living facilities who typically have disrupted sleep reported
mixed results. For example, Alessi et al. (28) found no effect
of a nine-week exercise program (which involved sit-to-
stand repetitions and/or transferring as well as walking or
wheelchair propulsion) on sleep, as assessed by actigraphy
in nursing home residents. Ferris et al. (29) found improve-
ments compared with baseline in subjective sleep following
three months of circuit weight training but not following six
months of training. However, exercise has helped reduce
fragmentation of the rest-activity rhythm (33) as well as
mood disturbances in this population (34).
Older adults with sleep complaints were also evaluated
by King et al. (30,31). In their first study, they found a
reduction in the total score of the ‘‘Pittsburgh Sleep Quality
Index (PSQI) (mean [SD], from 8.7 [3.0] to 5.4 [2.8], effect
size - ES=-1.1) and self-reported SOL (from 28.4 [20.2] min
to 14.6 [13.0] min), ES=-0.68) as well as an increase in
reported sleep duration (6.0 [1.1] h to 6.8 [1.2] h, ES=0.72)
following a 16-week moderate-intensity aerobic exercise
program. In this study, the associated effect sizes were more
impressive when compared with data observed by
Guilleminault et al. (27), which were previously described.
In another study, King et al. (31) observed that the exercise
group reported greater 12-month improvements relative to
controls in the PSQI sleep disturbance subscale score (from
1.47 [0.51] to 1.31 [0.47]), sleep diary-based measurement of
minutes to fall asleep (from 38.44 [23.32] min to 26.02 [18.5]
min), and feeling more rested in the morning (from 3.58
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654[1.14] to 4.42 [1.52]). Reid et al. (35) evaluated the effects of
moderate aerobic exercise in older adults diagnosed with
chronic primary insomnia (by DSM-IV). After 16 weeks, the
exercise group improved their sleep quality on the global
PSQI (mean [SD], from 10.0 [12.3] to 5.0 [6.3]), sleep latency
(from 1.6 [1.3] to 1.0 [0.9]), sleep duration (from 2.0 [0.7] to
1.1 [0.7]), daytime dysfunction (from 1.3 [0.5] to 0.5 [0.5]),
and sleep efficiency PSQI sub-scores (from 1.2 [1.1] to 0.7
[1.0]) compared with the control group. The exercise group
also had reduced depressive symptoms (from 9.5 [18.0] to
2.8 [4.3]) and daytime sleepiness (from 9.2 [14.9] to 5.1 [7.7])
as well as improvements in vitality/quality of life (from 55.0
[21.6] to 80.5 [10.9]) compared with baseline scores. In
addition, a reduction in global PSQI scores was associated
with a greater reduction in depressive symptoms. After
controlling for depression, there was still a significant
relationship between the physical activity group and the
change in PSQI scores.
Recently, we evaluated the effect of long-term moderate
aerobic exercise (6 months) in an open trial on sleep, quality
of life, and mood in middle-aged adults with chronic
primary insomnia. We also examined whether these effects
differed for morning vs. late-afternoon exercise (36). We
found no significant differences between times of day in
all subjective sleep and polyssomnography data. Poly-
somnography data showed significant reductions in SOL
(mean [SE], from 17.1 [2.6] min to 8.7 [1.4] min; p,0.01) and
wake time after sleep onset (from 63.2 [12.8] min to 40.1 [6.0]
min) as well as a significant increase in sleep efficiency
(from 79.8 [3.0]% to 87.2 [1.6]%) following exercise. Sleep
diary data revealed significant improvements in SOL (from
76.2 [21.5] min to 80.3 [7.4] min), sleep quality (from 41.5
[5.2]% to 59.4 [6.6]%) and degree of feeling rested in the
morning (from 50.8 [5.3] to 65.1 [5.0]). Following exercise,
significant increases in some quality of life measures were
found, as well as significant reductions in Profile of Mood
States (POMS) measures of tension and anxiety (from 7.2
[1.0] to 3.5 [1.0]), depression (from 5.9 [1.2] to 3.3 [1.1]) and
total mood disturbance (from 9.2 [4.8] to -1.7 [4.8]). These
effects did not vary by time of day. Interestingly, despite the
fact that the subjects were not diagnosed as depressed, they
experienced reductions in symptoms of depression. In
addition, we observed a correlation between improvements
in subjective sleep and depression scores even after
controlling for depression.
Further studies regarding the effects of aerobic exercise
training for patients diagnosed with chronic primary
insomnia and for patients in other age groups are needed.
In addition, other exercise modalities and intensities should
be studied to supplement the evidence regarding the
positive effects of exercise for insomniacs.
Resistance exercises (weight training) are among the
exercise modalities used in protocols for elderly patients
with sleep complaints. Singh et al. (32) evaluated depressed
older adults using a 10-week randomized controlled trial.
The participants were aged . 60 years with a diagnosis of
major or minor depression or dysthymia. The intervention
consisted of a supervised weight training program three
times per week. The results showed significant improve-
ments in all subjective sleep quality and depression
measures. Depression measures were reduced in the
intervention group by approximately twice the amount that
they were reduced in the control group. Quality-of-life
subscales significantly improved in the study group. In a
forward stepwise multiple regression, the percent decrease
in depression and the percent increase in strength remained
significant predictors of the improvement in total PSQI
score.
Another interesting study evaluated the effects of
exercise on intra-individual variability in sleep of older
adults with sleep complaints (37). After twelve months of
exercise training, the authors observed a reduction in
night-to-night fluctuations in self-reported time to fall
asleep. Based on this result, we can conclude that exercise
training improves sleep quality and can also promote a
lower variability in initial insomnia, independent of sleep
time or sleep wake-up.
RESULTS
We identified 216 studies initially, but only five met our
inclusion criteria for systematic review. Two studies
investigated older adults with sleep complaints (30,31) and
three investigated patients with chronic primary insomnia
(27,35,38) (Table 1). We analyzed these studies and found
results similar to those observed in a meta-analysis
evaluating hypnotic drug use (39).
Exercise vs. Hypnotic Drugs
The effectiveness of drugs on chronic primary insomnia is
extensively described in the literature. Smith et al. (39)
performed a comparative meta-analysis analyzing studies
that evaluated the effects of hypnotic drug use on chronic
insomniacs. The authors described reductions of approxi-
mately 30% (mean[SD], from 48.8[29.7] to 34.4 [26.3]) in
SOL, approximately 40% (from 3.0 [2.0] to 1.8 [1.4]) in
number of awakenings, approximately 47% (from 55.1 [37.8]
to 29.5 [19.5]) in WASO, approximately 12% (from 332.1
[55.3] to 372.6 [49.0]) in TST, and approximately 20% (from
3.1 [0.6] to 3.7 [0.9]) in sleep quality rating after chronic
hypnotic drug treatment (1-8 weeks).
After long-term exercise (16 weeks - 12 months), older
adults with sleep complaints experienced a significant
decrease in SOL (mean [SD], from 33.42 [7.1] min to 20.31
[8.1] min, p=0.03) but no significant increase in TST (mean
[SD], from 6.76 [1.1] h to 7.19 [0.5] h, p=0.46) after (30,31).
The lack of an increase in TST may be due to the participants
having an ‘‘occupational time’’ to sleep and wake up.
Prospective studies evaluating free time to sleep could
better explain these results.
Some studies have investigated the effects of exercise on
middle-aged adults with chronic insomnia using PSG,
actigraphy or subjective sleep measures (PSQI or sleep
diary) (27,35,38). No significant reduction in SOL (mean
[SD], from 48.59 [21.3] min to 32.92 [14.0] min, p=0.18) or
significant increases in TST (mean [SD], from 5.33 [0.32] h to
6.0 [0.72] h, p=0.12) was found according to subjective sleep
data after long-term exercise (4 weeks – 6 months)
(27,35,38). Objective data (PSG or actigraphy) demonstrated
a significant reduction in SOL (mean [SD], from 25.04 [11.2]
min to 17.45 [12.1] min, p=0.04) and significant increase in
TST (mean [SD], from 5.53 [0.1] h to 5.84 [0.1] h, p=0.05)
after a long-term intervention (27,38). When we compared
the results from the subjective and objective data, we
observed no significant differences in the percent change
(post-treatment – pre-treatment/pre-treatment x 100) in
SOL (29.6 [16.3] % and 34.6 [18.9] %, p=0.77, respectively) or
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655TST (12.4 [7.8] % and 5.5 [0.5] %, p=0.32, respectively)
evaluated by independent t-tests.
Overall, we observed that improvements after chronic
exercise are similar to improvements after hypnotic drug
use, as described in Smith et al. (39). However, additional
studies comparing the effects of exercise and hypnotic drug
use are necessary.
MECHANISMS THAT MAY EXPLAIN THE EFFECTS OF
EXERCISE ON INSOMNIA
Acute effects of exercise
Many mechanisms are suggested to explain the effects of
acute exercise on sleep in physically active men (10-12).
Some of this can explain the effects observed in sedentary
patients with chronic primary insomnia performing acute
exercise.
Thermogenic Effect
Horne and colleagues (40,41) were the first researchers to
suggest the thermogenic effect. They found increases in
slow-wave sleep (SWS) following acute exercise in physi-
cally active men and explained that these effects could be
mediated by thermogenic mechanisms.
Several years later, new evidence suggested that a
‘‘trigger’’ for sleep onset is the decline in body temperature
in the evening, which is primarily mediated by increased
blood flow to the peripheral skin (42,43). According to this
theory, the increase in core temperature caused by exercising
facilitates the initiation of sleep due to the activation of heat
dissipation mechanisms controlled by the hypothalamus.
Chronic insomnia patients commonly have increased sleep
onset latencies. Glotzbach and Heller (44) state that insom-
niacs haveimpaired nocturnaltemperature down-regulation.
In this sense, thermogenic effects may be a plausible
mechanism to explain the sleep-promoting effects of chronic
exercise on insomnia. However, no experimental studies
have investigated the interactions among sleep, exercise and
temperature in insomniacs.
Anxiety Reduction
Youngstedt (11) suggested anxiety reduction as a plau-
sible explanation for the effects of exercise on sleep quality
in insomniacs. Because anxiety is one of the markers of
insomnia, a stimulus capable of reducing it could improve
sleep. The anxiety reducing effects of exercise are well
established (45). In a recent study, the patients with chronic
primary insomnia reduced pre-sleep anxiety after acute
moderate-intensity aerobic exercise (26); however, no
correlation was observed between reduction in anxiety
and improvement in sleep. Further experimental studies are
necessary.
Increase in Serotonin
As early as the 1980s, the effects of exercise on circadian
sleep-waking rhythms and brain serotonin metabolism in
rats were investigated (46). According to Petitjean et al. (47),
chronic insomnia may be the result of serotonin activity
Table 1 - Characteristics of five studies about exercise training for chronic insomnia or sleep complaints.
Type of study and Source Year Exercise type
Number of
subjects
Duration of
intervention Diagnosis Outcomes
RCT
Guilleminault et al.
1995 (26)
1995 Moderate
aerobic
exercise
(walking) and
sleep hygiene
therapy
10 4 weeks Psychophysiological
insomnia
q TST
Q SOL
Q number of awakenings
RCT
King et al.
1997 (31)
1997 Moderate
aerobic
exercise
20 16 weeks Moderate sleep
complaints
QPSQI score
QSOL-PSQI
qsleep duration-PSQI
RCT
King et al.
2008 (32)
2008 Moderate
aerobic
exercise
36 12 weeks Mild to moderate
sleep complaints
QPSQI -‘‘sleep disturbance subscale’’, Q
PSQI – ‘‘sleep diary-based minutes to fall
asleep’’
q PSQI ‘‘feeling more rested in the
morning’’
RCT
Reid et al.
2010 (33)
2010 Moderate
aerobic
exercise
10 16 weeks Primary insomnia q sleep quality-PSQI
q sleep duration-PSQI
q ES-PSQI
Q SOL-PSQI
Q daytime sleepiness-PSQI.
Q daytime dysfunction-PSQI
Q depressive symptoms
q vitality/quality of life
RCT
Passos et al.
2011 (34)
2011 Moderate
aerobic
exercise
19 6 months Primary insomnia Q SOL-PSG
Q WASO-PSG
q ES-PSG
Q SOL-SD
q sleep quality-SD
q feeling rested in the morning-SD
Q tension-anxiety
Q depression
Q mood disturbance
Abbreviations: RCT- Randomized clinical trial; PSQI- Pittsburgh Sleep Quality Index; PSG- Polysomnography; SE- Sleep efficiency; SOL- Sleep onset latency;
TST- Total sleep time; WASO- Wake after sleep onset; SD- sleep diary.
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656deficits. The positive effect of exercise (running) on serum
free tryptophan has been described in rats (48). In addition,
Chaouloff et al. (49) found that acute exercise (running)
increases brain serotonin (5-hydroxytryptamine, 5-HT)
synthesis in the following two ways: 1) lipolysis-elicited
release of free fatty acids in the blood displaces the binding
of the essential amino acid tryptophan to albumin, thereby
increasing the concentration of free tryptophan and 2)
increased entry of tryptophan into the brain due to an
increase in the ratio of circulating free tryptophan to the
sum of the concentrations of the amino acids that compete
with tryptophan for uptake at the blood-brain barrier.
However, this marked increase in central tryptophan levels
only slightly increases brain 5-HT synthesis, as assessed by
analyzing 5-hydroxyindoleacetic acid levels. This suggests
that exercise promotes feedback regulatory mechanisms.
Indirect indices of 5-HT function open the possibility that
acute exercise-induced increases in 5-HT biosynthesis are
associated with (or lead to) increases in 5-HT release. This
mechanism appears to be plausible, but experimental
studies are necessary.
Chronic effects of exercise
Antidepressant Effects
Antidepressant effects may also explain some of the
effects of exercise on insomnia. Insomnia complaints have
been viewed as a symptom of depressive illness. In fact,
chronic insomnia is a risk factor for depression (50). Several
antidepressants have been shown to be associated with a
reduction in the amount of rapid eye movement (REM)
sleep (51), and one effect of acute exercise is a reduction in
REM activity (12).
Singh et al. (32) found reductions in subjective sleep-
quality and depression measures in depressed older adults
after a 10-week randomized control trial of a supervised
weight-training program conducted three times per week.
Evaluating the effects of aerobic exercise on insomnia,
Reid and colleagues (35) described the positive effects of a
16-week program in older adults with chronic insomnia.
They found a significant correlation between a reduction in
global Pittsburgh Sleep Quality Index (PSQI) scores and a
reduction in depressive symptoms. After controlling for
depression, there was still a significant relationship between
the physical activity group and changes in PSQI scores.
Recently, we evaluated the effects of a 6-month aerobic
exercise program in adults with chronic insomnia.
Reductions in POMS depression scores were significantly
correlated with improvements in sleep diary measures of
sleep quality, SOL, and feeling rested in the morning, as
evaluated by PSQI. Moreover, in post-hoc analyses control-
ling for POMS-depression as a covariate, only the changes in
the sleep diary variable of ‘‘feeling rested in the morning’’
remained statistically significant (38).
Recently, an interesting study described depression as a
moderator/mediator of improvement in sleep in middle-
aged and older adults with sleep complaints (52). The
authors observed a decrease in depressive symptoms after a
12-month intervention of moderate aerobic exercise and
demonstrated that depression mediated a change in Stage I
sleep as evaluated by PSG. Decidedly, the antidepressant
effect of exercise is an important factor in improving sleep.
Anxiety reduction
Long-term studies have investigated the effects of exercise
on anxiety in patients with sleep complaints. Older adults
with a cerebral vascular disorder experienced reductions in
anxiety and improved quality of sleep after a long-term
intervention with Tai Chi exercise (53). Recently, we
investigated the effects of a 6-month moderate aerobic
exercise program on sleep in patients with chronic insomnia
and found a significant reduction in POMS-tension/anxiety
scores as well as improvements in sleep; however, these
variables did not correlate (38). Although insomnia is
characterized by pre-sleep anxiety (54), the reduction
observed after exercise training does not appear to influence
sleep improvement directly.
Immunologic Alterations
It is commonly believed that sleep loss resulting from
insomnia increases an individual’s vulnerability to diseases
and that sleep has a key role in illness recovery (55). It has
been reported that moderate exercise training can promote
immune function (56).
Depressive symptoms, poor sleep quality, and systemic
markers of inflammation (e.g., interleukin (IL-6)) are
frequently associated (57). Some authors examined indivi-
duals with depression to determine if sleep disturbance
could predict lowered immune function. They found that
increased waking time during the first non-rapid eye
movement (NREM) cycle of sleep was negatively correlated
with natural killer (NK) cell count (58). A second study in
persons with depression demonstrated that self-reported
current insomnia is a significant predictor of lower NK cell
activity (59). A third study investigated whether clinical
insomnia is associated with immune alterations by compar-
ing immune function between patients with chronic
insomnia and good sleepers. The authors found signifi-
cantly higher levels of CD3+, CD4+, and CD8+cells in good
sleepers compared with individuals with insomnia (60).
These results are interesting, and while immune function
improvement is certainly correlated with sleep, it is not clear
whether it is a cause or a consequence. Evaluating the effects
of exercise on immunity and sleep in insomnia patients is
necessary to clarify this relationship, as immune function
may also only be a marker/consequence of sleep distur-
bance, which may be improved by both exercise and sleep
improvement.
OTHER EFFECTS OF EXERCISE ON PATIENTS WITH
CHRONIC INSOMNIA
Improvement in Quality of Life
The negative effects of sleep disorders on quality of life
are well documented in the literature. The distress and
daytime impairment that result from chronic insomnia are
directly related to poor quality of life. Furthermore, a recent
study described some negative effects of sleep medications
on health-relatedquality of life (physical aspects), possibly
because of adverse effects of the medication (61).
Exercise has been suggested as a good alternative therapy
to improve quality of life because there is a negative
correlation between sedentary lifestyle and quality of life
(62). Additionally, some experimental studies have demon-
strated improved quality of life after exercise in patients
with chronic diseases, including sleep-related diseases, such
as sleep apnea (63) and chronic insomnia (35). A recent
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insomnia patients after moderate aerobic training (16
weeks)quality of life, particularly with respect to vitality
scores (35). Similarly, we observed that after long-term
aerobic exercise (6 months), there were improvements in
quality of life (particularly in the emotional dimension) in
patients with chronic primary insomnia (38). Other insom-
nia therapies have also improved quality of life. Cognitive
Behavioral Therapy was tested in breast cancer survivors
with insomnia complaints, and positive results were
observed after 6 weeks of treatment (64). These results
indicate that interventions improving sleep can improve
quality of life in insomnia patients. In contrast, some
alterations that can be related with improvements in quality
of life, such as changes in lifestyle (i.e., increase daily
physical activities and social activities), could also mediate
improvements in sleep quality.
Exercise is effective to decrease sleep complaints and treat
chronic insomnia. Exercise demonstrates comparable effec-
tiveness when compared with hypnotics. However, includ-
ing exercise in the first-line treatment list for chronic
insomnia will require prospective studies comparing the
effects of exercise with drug/nondrug treatments.
ACKNOWLEDGMENTS
We acknowledge Associac ¸a ˜o Fundo de Incentivo a ` Pesquisa (AFIP), Centro
de Estudos em Psicobiologia e Exercı ´cio (CEPE), Fundac ¸a ˜o de Amparo a `
Pesquisa do Estado de Sa ˜o Paulo (FAPESP), Centros de Pesquisa, Inovac ¸a ˜o
e Difusa ˜o (CEPID/FAPESP) for their support.
AUTHOR CONTRIBUTIONS
All the authors are responsible for the content of the manuscript, having
revised and approved its final version. Passos GS, Santana MG and Mello
MT had the original idea, selected the studies and wrote the manuscript.
Tufik S and Poyares DL selected and supervised the papers.
REFERENCES
1. Ohayon MM. Epidemiology of insomnia: what we know and what we
still need to learn. Sleep Med Rev. 2002;6(2):97-111, http://dx.doi.org/
10.1053/smrv.2002.0186.
2. Ringdahl EN, Pereira SL, Delzell JE, Jr. Treatment of primary insomnia.
J Am Board Fam Pract. 2004;17(3):212-9, http://dx.doi.org/10.3122/
jabfm.17.3.212.
3. Kripke DF, Klauber MR, Wingard DL, Fell RL, Assmus JD, Garfinkel L.
Mortality hazard associated with prescription hypnotics. Biol Psychiatry.
1998;43(9):687-93, http://dx.doi.org/10.1016/S0006-3223(97)00292-8.
4. Bierman EJ, Comijs HC, Gundy CM, Sonnenberg C, Jonker C, Beekman
AT. The effect of chronic benzodiazepine use on cognitive functioning in
older persons: good, bad or indifferent? Int J Geriatr Psychiatry.
2007;22(12):1194-200, http://dx.doi.org/10.1002/gps.1811.
5. Erman M, Guiraud A, Joish VN, Lerner D. Zolpidem extended-release
12.5 mg associated with improvements in work performance in a 6-
month randomized, placebo-controlled trial. Sleep. 2008;31(10):1371-8.
6. Krystal AD, Erman M, Zammit GK, Soubrane C, Roth T. Long-term
efficacy and safety of zolpidem extended-release 12.5 mg, administered 3
to 7 nights per week for 24 weeks, in patients with chronic primary
insomnia: a 6-month, randomized, double-blind, placebo-controlled,
parallel-group, multicenter study. Sleep. 2008;31(1):79-90.
7. Neubauer DN. Current and new thinking in the management of
comorbid insomnia. Am J Manag Care. 2009;15 Suppl:S24-32.
8. Morin CM, Culbert JP, Schwartz SM. Nonpharmacological interventions
for insomnia: a meta-analysis of treatment efficacy. Am J Psychiatry.
1994;151(8):1172-80.
9. Passos GS, Tufik S, Santana MG, Poyares D, Mello MT. Nonp-
harmacologic treatment of chronic insomnia. Rev Bras Psiquiatr.
2007;29(3):279-82, http://dx.doi.org/10.1590/S1516-44462006005000045.
10. Driver HS, Taylor SR. Exercise and sleep. Sleep Med Rev. 2000;4(4):387-
402, http://dx.doi.org/10.1053/smrv.2000.0110.
11. Youngstedt SD. Effects of exercise on sleep. Clin Sports Med.
2005;24(2):355-65, xi.
12. Youngstedt SD, O’Connor PJ, Dishman RK. The effects of acute exercise
on sleep: a quantitative synthesis. Sleep. 1997;20(3):203-14.
13. Vuori I, Urponen H, Hasan J, Partinen M. Epidemiology of exercise
effects on sleep. Acta Physiol Scand Suppl. 1988;574:3-7.
14. Sleep in America Poll. Washington, DC: National Sleep Foundation;
2003.
15. De Mello MT, Fernandez AC, Tufik S. Levantamento Epidemiolo ´gico da
pra ´tica de atividade fı ´sica na cidade de Sa ˜o Paulo. Rev Bras Med Esporte.
2000;6(4):119-24, http://dx.doi.org/10.1590/S1517-86922000000400003.
16. Morgan K. Daytime activity and risk factors for late-life insomnia. J Sleep
Res. 2003;12(3):231-8, http://dx.doi.org/10.1046/j.1365-2869.2003.
00355.x.
17. Youngstedt SD, Kline CE. Epidemiology of exercise and sleep. Sleep Biol
Rhythms. 2006;4(3):215-21, http://dx.doi.org/10.1111/j.1479-8425.2006.
00235.x.
18. Paparrigopoulos T, Tzavara C, Theleritis C, Soldatos C, Tountas Y.
Physical activity may promote sleep in cardiac patients suffering from
insomnia. Int J Cardiol. 2010;143(2):209-11, http://dx.doi.org/10.1016/
j.ijcard.2008.11.178.
19. Kim K, Uchiyama M, Okawa M, Liu X, Ogihara R. An epidemiological
study of insomnia among the Japanese general population. Sleep.
2000;23(1):41-7.
20. Bazargan M. Self-reported sleep disturbance among African-American
elderly: the effects of depression, health status, exercise, and social
support. Int J Aging Hum Dev. 1996;42(2):143-60, http://dx.doi.org/
10.2190/GM89-NRTY-DERQ-LC7D.
21. Hublin C, Kaprio J, Partinen M, Koskenvuo M. Insufficient sleep—a
population-based study in adults. Sleep. 2001;24(4):392-400.
22. Sherrill DL, Kotchou K, Quan SF. Association of physical activity and
human sleep disorders. Arch Intern Med. 1998;158(17):1894-8, http://
dx.doi.org/10.1001/archinte.158.17.1894.
23. Ohida T, Kamal AM, Uchiyama M, Kim K, Takemura S, Sone T, et al. The
influence of lifestyle and health status factors on sleep loss among the
Japanese general population. Sleep. 2001;24(3):333-8.
24. da Nobrega AC. The subacute effects of exercise: concept, characteristics,
and clinical implications. Exerc Sport Sci Rev. 2005;33(2):84-7, http://
dx.doi.org/10.1097/00003677-200504000-00005.
25. Youngstedt SD. Ceiling and floor effects in sleep research. Sleep Med
Rev. 2003;7(4):351-65.
26. Passos GS, Poyares D, Santana MG, Garbuio SA, Tufik S, Mello MT.
Effect of acute physical exercise on patients with chronic primary
insomnia. J Clin Sleep Med. 2010;6(3):270-5.
27. Guilleminault C, Clerk A, Black J, Labanowski M, Pelayo R, Claman D.
Nondrug treatment trials in psychophysiologic insomnia. Arch Intern
Med. 1995;155(8):838-44, http://dx.doi.org/10.1001/archinte.1995.
00430080076010.
28. Alessi CA, Schnelle JF, MacRae PG, Ouslander JG, al-Samarrai N,
Simmons SF, et al. Does physical activity improve sleep in impaired
nursing home residents? J Am Geriatr Soc. 1995;43(10):1098-102.
29. Ferris LT, Williams JS, Shen CL, O’Keefe KA, Hale KB. Resistance
training improves sleep quality in older adults - a pilot. J Sport Sci Med.
2005;4(3):354-60.
30. King AC, Oman RF, Brassington GS, Bliwise DL, Haskell WL. Moderate-
intensity exercise and self-rated quality of sleep in older adults.
A randomized controlled trial. JAMA. 1997;277(1):32-7.
31. King AC, Pruitt LA, Woo S, Castro CM, Ahn DK, Vitiello MV, et al.
Effects of moderate-intensity exercise on polysomnographic and sub-
jective sleep quality in older adults with mild to moderate sleep
complaints. J Gerontol A Biol Sci Med Sci. 2008;63(9):997-1004, http://
dx.doi.org/10.1093/gerona/63.9.997.
32. Singh NA, Clements KM, Fiatarone MA. A randomized controlled trial
of the effect of exercise on sleep. Sleep. 1997;20(2):95-101.
33. Martin JL, Marler MR, Harker JO, Josephson KR, Alessi CA. A
multicomponent nonpharmacological intervention improves activity
rhythms among nursing home residents with disrupted sleep/wake
patterns. J Gerontol A Biol Sci Med Sci. 2007;62(1):67-72, http://
dx.doi.org/10.1093/gerona/62.1.67.
34. Ruuskanen JM, Parkatti T. Physical activity and related factors among
nursing home residents. J Am Geriatr Soc. 1994;42(9):987-91. Epub 1994/
09/01.
35. Reid KJ, Baron KG, Lu B, Naylor E, Wolfe L, Zee PC. Aerobic exercise
improves self-reported sleep and quality of life in older adults with
insomnia. Sleep Med. 2010;11(9):934-40, http://dx.doi.org/10.1016/
j.sleep.2010.04.014.
36. Passos GS, Poyares D, Santana MG, D’Aurea CV, Youngstedt SD, Tufik
S, et al. Effects of moderate aerobic exercise training on chronic primary
insomnia. Sleep Med. 2011;12(10):1018-27, http://dx.doi.org/10.1016/
j.sleep.2011.02.007.
37. Buman MP, Hekler EB, Bliwise DL, King AC. Exercise effects on night-
to-night fluctuations in self-rated sleep among older adults with sleep
complaints. J Sleep Res. 20(1 Pt 1):28-37.
38. Passos GS, Poyares D, Santana MG, D’Aurea CVR, Youngstedt SD, Tufik
S, et al. The effects of moderate aerobic exercise training on chronic
Exercise for chronic insomnia
Passos GS et al.
CLINICS 2012;67(6):653-659
658primary insomnia. Sleep Med. 2011;12(10):1018-27, http://dx.doi.org/
10.1016/j.sleep.2011.02.007.
39. Smith MT, Perlis ML, Park A, Smith MS, Pennington J, Giles DE, et al.
Comparative meta-analysis of pharmacotherapy and behavior therapy
for persistent insomnia. Am J Psychiatry. 2002;159(1):5-11, http://
dx.doi.org/10.1176/appi.ajp.159.1.5.
40. Horne JA, Moore VJ. Sleep EEG effects of exercise with and without
additional body cooling. Electroencephalogr Clin Neurophysiol.
1985;60(1):33-8.
41. Horne JA, Staff LH. Exercise and sleep: body-heating effects. Sleep.
1983;6(1):36-46.
42. Murphy PJ, Campbell SS. Nighttime drop in body temperature: a
physiological trigger for sleep onset? Sleep. 1997;20(7):505-11.
43. Krauchi K, Cajochen C, Werth E, Wirz-Justice A. Warm feet promote the
rapid onset of sleep. Nature. 1999;401(6748):36-7, http://dx.doi.org/
10.1038/43366.
44. Glotzbach SF, Heller HC. Temperature Regulation. In: Kryger MH RT,
Dement WC, editors. Principles and Practice of Sleep Medicine.
Philadelphia: W.B. Saunders Co; 1994.p.260-75.
45. Herring MP, O’Connor PJ, Dishman RK. The Effect of Exercise Training
on Anxiety Symptoms Among Patients A Systematic Review. Arch
Intern Med. 2010;170(4):321-31, http://dx.doi.org/10.1001/archint
ernmed.2009.530.
46. Sudo A, Arito H, Fukuda K. Effects of swimming exercise on circadian
sleep-waking rhythms and brain serotonin metabolism in rats. Ind
Health. 1984;22(3):153-61, http://dx.doi.org/10.2486/indhealth.22.153.
47. Petitjean F, Buda C, Janin M, Sallanon M, Jouvet M. [Insomnia caused by
administration of para-chlorophenylalanine: reversibility by peripheral
or central injection of 5-hydroxytryptophan and serotonin]. Sleep.
1985;8(1):56-67.
48. Fernstrom JD, Fernstrom MH. Exercise, serum free tryptophan, and
central fatigue. Journal of Nutrition. 2006;136(2):553s-9s.
49. Chaouloff F. Effects of acute physical exercise on central serotonergic
systems. Medicine and science in sports and exercise. 1997;29(1):58-62.
50. Nowell PD, Buysse DJ. Treatment of insomnia in patients with mood
disorders. Depression and anxiety. 2001;14(1):7-18, http://dx.doi.org/
10.1002/da.1042.
51. Vogel GW, Buffenstein A, Minter K, Hennessey A. Drug effects on REM
sleep and on endogenous depression. Neurosci Biobehav Rev.
1990;14(1):49-63, http://dx.doi.org/10.1016/S0149-7634(05)80159-9.
52. Buman MP, Hekler EB, Bliwise DL, King AC. Moderators and mediators
of exercise-induced objective sleep improvements in midlife and older
adults with sleep complaints. Health Psychol. 2011;30(5):579-87, http://
dx.doi.org/10.1037/a0024293.
53. Wang W, Sawada M, Noriyama Y, Arita K, Ota T, Sadamatsu M, et al.
Tai Chi exercise versus rehabilitation for the elderly with cerebral
vascular disorder: a single-blindedr a n d o m i z e dc o n t r o l l e dt r i a l .
Psychogeriatrics. 2010;10(3):160-6, http://dx.doi.org/10.1111/j.1479-
8301.2010.00334.x.
54. American Academy of Sleep Medicine. The international classification of
sleep disorders: diagnostic and coding manual. Westchester, IL:
Diagnostic Classification Steering Committee; 2005.
55. Imeri L, Opp MR. How (and why) the immune system makes us sleep.
Nat Rev Neurosci. 2009;10(3):199-210, http://dx.doi.org/10.1038/
nrn2576.
56. Nehlsen-Cannarella SL, Nieman DC, Balk-Lamberton AJ, Markoff PA,
Chritton DB, Gusewitch G, et al. The effects of moderate exercise training
on immune response. Med Sci Sports Exerc. 1991;23(1):64-70.
57. Motivala SJ, Sarfatti A, Olmos L, Irwin MR. Inflammatory markers and
sleep disturbance in major depression. Psychosom Med. 2005;67(2):187-
94.
58. Hall M, Baum A, Buysse DJ, Prigerson HG, Kupfer DJ, Reynolds CF.
Sleep as a mediator of the stress-immune relationship. Psychosom Med.
1998;60(1):48-51.
59. Cover H, Irwin M. Immunity and Depression - Insomnia, Retardation,
and Reduction of Natural-Killer-Cell Activity. J Behav Med.
1994;17(2):217-23, http://dx.doi.org/10.1007/BF01858106.
60. Savard J, Laroche L, Simard S, Ivers H, Morin CM. Chronic insomnia and
immune functioning. Psychosom Med. 2003;65(2):211-21, http://
dx.doi.org/10.1097/01.PSY.0000033126.22740.F3.
61. Sasai T, Inoue Y, Komada Y, Nomura T, Matsuura M, Matsushima E.
Effects of insomnia and sleep medication on health-related quality of life.
Sleep Med. 2010;11(5):452-7, http://dx.doi.org/10.1016/
j.sleep.2009.09.011.
62. Rejeski WJ, Brawley LR, Shumaker SA. Physical activity and health-
related quality of life. Exerc Sport Sci Rev. 1996;24:71-108, http://
dx.doi.org/10.1249/00003677-199600240-00005.
63. Barnes M, Goldsworthy UR, Cary BA, Hill CJ. A Diet and Exercise
Program to Improve Clinical Outcomes in Patients with Obstructive
Sleep Apnea - A Feasibility Study. J Clin Sleep Med. 2009;5(5):409-15.
64. Dirksen SR, Epstein DR. Efficacy of an insomnia intervention on fatigue,
mood and quality of life in breast cancer survivors. J Adv Nurs.
2008;61(6):664-75, http://dx.doi.org/10.1111/j.1365-2648.2007.04560.x.
CLINICS 2012;67(6):653-659 Exercise for chronic insomnia
Passos GS et al.
659